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I. INTRODUCTION 


In 1982, Minerals Management Service (MMS) initiated « gulti-year progras 
under contract with Science Applications International Corporation (SAIC) to 
study the physical oceanography of the Gulf of Mexico as part of its outer 
continental shelf environmental studies progras. This particular progras, 
called the Gulf of Mexico Physical Oceanography Programs (CHPOP). has tvo 


primary goals 


. Develop < better understanding and description of condi- 
tions and processes governing Gulf circulation, and 


. Establish a data base which could be used as initial and 
boundary conditions by « companion MMS-funded numerical 
circulation modeling progras. 


The «area studied emphasizes the deep Gulf and shallow regions where 
conditions aay be directly or indirectly affected by patterns associated with 
or originating in the deep Gulf. This phased, sulti-year progras 
investigates the eastern and western Gulf separately (Figure 1.1-1), with this 
particular report presenting the results of Program Year 3} in the western 
Gulf 


1.l Program Participants 


Science Applications International Corporation, the prise contractor for the 
CMPOP. is working with « team of scientists from SAIC, universities and 
institutes to study the physical oceanographic processes in the Gulf. 
Presented alphabetically below are the participating scientists and their 
prigary areas of focus 


. Dr. D0. Brooks (TAMU) - Subsurface Currents and Hydrography 
. Mr. F. Kelly (TAMU) - Subsurface Currents and Hydrography 
. Dr. J. Lewis (SAIC) - Lagrangian Drifters 


. Dr. F. Vukovich (RTI) - Satellite Imagery 


Note that #11 Pi's had access to and used relevant portions of the progran’s 
overall data base; however, each tended to approach from « differing primary 
Gata set 


Loop Current (LC) eddies affect circulation patterns throughout the western 
Gulf. As @ result gany of the processes and features of interest were in both 
U.S. and Mexican waters MMS-funded efforts were closely coordinated with 
and supported by the Mexican Navy For those schstuled cruises going into 
the Mexican exclusive economic some (EEZ), Mexican Navy vessels were used. 
Without @utual support for this wndertaking, the available data base and 
associated synthesis would have been auch sore lisited. Of particular 


Laportance was Captain A. Vasquez of the Mexican Navy. His continued 
invelvement was essential to the progrea’s success. 
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Figure 1.1-1. Study area for the Gulf of Mexico Physical Oceanography Program. This Year } Report 
focuses on Loop Current eddies in the central end western Gulf 
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The scientific principals were supported by an experienced SAIC team. Or. E 
Weddell is Programs Manager. Mr. RB. Vayland is Data Manager and Mr. J. Singer 
is responsible for logistics and the ship-of-opportunity (SOOP) activities 
The SAIC persommel planned and conducted the cruises, sanaged the cata and 
previded gost of the Gata analysis and associated graphics used in this study 


1.2 Report Organization 


An exceptional multivariate data base was taken Gucing Program Year }. An 
evaluation of these data froe the perspective of the stated programs objectives 
resulted in organizing the synthesis ince sequential phases, each of which 
tend to result from differing processes or substantially different relative 
influences of sisilar processes. These identified segeents are an effort te 
subdivide on « rations] basis what is «4 continuous, evelutionsry sequence 


The process-based eddy stages include the following 
. id y Separation end Initial Movement 


. Western Gulf Eddy/Slepe interaction and Associated Cyclone 
Intensification 


. Eddy Reflection and Dissipation 


. Eé4@y-idédy Interaction 


As is epperent free the discussion in Veluse II of this repert, conditions 
surrounding an edé@y have « sajor effect on its evelution. As « consequence, 
the relative influence of various processes aay differ for other eddies. Of 
particular tapertance is the presence and “vigor” ef ether eddies 


It. TECHNICAL DISCUSSiICN 


2.) jotreductien 


The following caterlsl summarizes isportant elesents and insights developed 
during Year !) of the MMS-spenseored Gulf of Mexice Physical Oceanography 
Progress The eultivariste data set is rich in its characterization of 
kimemgstics end dCynasicse essociated vith the evolution ef « Ul eddy Much of 
the coordinated cata set sllews « previewsly wnavellable cocumentation of 
processes ané conditions associated with LO eddies which are 4 aajor influence 
on the physical oceanography of the central and western Gulf (Figure 1 1-1) 


2.2 Ueperipental Desicn apd Program Ob iectives 


The program objective ef ebtaining and using Gata to Gevelop an iaproved 
understanding of Leop Current eddies interacting with the western slepe of the 
Gulf required an experieental design which was flexible and which could be 
adjusted te accommodate the differing paths that an eddy sight take The 
prigery data taken end weed were as follows 


. Subsurface currents/ temperatures 


. Ship- eméd plane-bese hydrographic and expendable bethythersegraph 
(KET) survevs 


. Lagrangian (APOOS) drifters 
. Seteliite thermal Leagery 
. Ship-of-oppercunity (SOOP) KET surveys 


of these. a1) Out the current/tesperature seerings could be sdjusted te 
accommodate « given tra‘ectery Pertunateliy, hewever, an eddy seved directiy 
over the general Geering array. resulting in « comprehensive end seordinated 
Mu.tiverilate data dese 


The geering placement is shown in Figure 22-1. Many surveys were conducted 
Guring the iife cycle eof the studied eddy Twe ship-besed surveys included 
detailed hyérography. end the SOOP- and plene-besed surveys relied on KBT's 
“MS funded ARGOS drifters were alee pleced in Eddy 8 as well a8 other features 
ef interest Im a@éition, trajectory date free five drifters funded in part 
of wheliy by Sheil O11 were gade avallable te the pregres During cool senthe 
Neveaber through May satellite derived sea-eurfece temperatures previded 
\epertent suppert infermetion fer real-tiee eperetions end fer histerical and 
independent recenetruetion ef the site and leesetion ef hey features in the 
stw@y ares 


The SOOP program hes provided essential and virtually cemtinweus teaperature 
Gate on @ transect from Yueeten te Hew Or leans All LE e@dles gust cress this 
hime @uring westward sigration in e@éition, “oppertunietic"’ erulees a) lowed 
Geocumentation ef epecifle features of interest 
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2.3 Eddy Sepacation and Initial Movement 


Eddy B&B which separated from the Loop Current in July 1985 was Goounsptes by 
one or more sethods as it moved ~estwerc st spproximately 5 ke day * (Bucy 
3378. Figure 2.3-la). The separaticn sequece involved the vertical coming of 
cold water until the LC lobe and asin current field separated (Figure 2.3-2). 
During the initial stages following separation, the eddy gaintained kinematic 
and dynamic properties quite sisilar to the unseparated Loop Current 


During the first three sonths of westward sovement there was little change in 
the vertical structure of Eddy 8. As expected, water sass characteristics in 
the eddy, away from boundaries especially st or near the surface, vere 
essentially like the water sesses seen in the Loop Current. 


The swirl or tangential velocity within the eddy was estisated at different 
tiges during this initial interval by three different seans: drifters, 
current seters and geostrophic calculations. Surface drifter velocities vere 
of the order of 60-80 cm sec”. Geostrophic calculations relative to 950s had 
a maximus surface current of 80-90 cm sec”! Filtered current tise series 
from 100m were 40 ca sec” vs. 4 corresponding geostrophic estisate of 62 ca 
sec +. At greater depths (10008 and ceeper). the seasured currents were 
strongly barotropic; that is, they hed little vertical shear. in contrast, at 
shallower depths in the eddies, large horizontal density gradients produced 
strongly sheared (baroclinic) current profiles 


2.4 Westward Translation 


While moving to the west, Eddy B seems to have been influenced by the presence 
of the northern slope and by the presence and location of an eddy (Eddy A) in 
front of it and to the west. A qualitative consideration of relevant dynasics 
suggests that non-linearities and vorticity adjusteent were active while the 
eddy iapinged on the northern slope In addition, an apparent change in the 
volume within closed isotherms suggests entrainment of water, possibly fros 
the northern slope and outer shelf 


Prior to the arrival of Eddy 8, other rotational features aay have been active 
adjacent to the western slope. Subsurface currents and limited XBT data show 
a rich current field. Again, the probable presence of features such as eddies 
with a strong density signal contributes to the observed velocity field, 
especially above 1000m. Selow this where horizontal density gradients are 
weak or absent, current speed varied little with depth. Current speeds of 25 


cm sec’! and greater were observed at depth during episodic events (Figure 
2.4-1) 


Quite energetic, non-tidal currents having a period of about one day (local 
inertial period) were measured (Figure 24-2). These oceur throughout the 
water column and have short horizontal and vertical coherence lengths. It 
should be noted that the clockwise-rotating inertial currents «sre a major 
component of the local kinetic energy field measured at the soorings. 


The coherent structure of the velocity fleld is difficult te isclate and 
reconstruct. The features moved so that the fixed position arrays changed 
locations within the organized features. Thus the association between 
curtents at different sites changed with tise. Typical coherence calculations 
which assume stability of statistics and stationarity of the process would 
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Fiyare 2.3-1. Trajectory for: (a) Drifter 3378 and (b) Drifter 5495 The 


presence of Eddy A was detected at ~-93°Y when Drifter 5495 
began making anticyclonic loops. Depth contours are in seters. 
Squares denote the beginning positions of the drifter 
trajectories and triangles denote the end positions. 
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Figure 2.3-2. (a) Cruise tracks for SOOP XBT data collected during May 26-31, 
1965. The arrows denote the flow at the edges of the Loop 
Current based on the vertical temperature structure shown in 
temperature data from: (b) the E. M. QUEENY cruise, May 26-27, 
1985, (c) the STENA HISPANIA cruise, May 27-28, 19865 and /d) 
the STENA HISPANIA cruise, May 30-31, 1985. 
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Figure 2.4-1 Velocity vector time series of 40-hour, low-passed currents recorded at Mooring RP 
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Figure 2.4-2  Time-series plots of 40-hour, low-pessed stick vectors, and }-hour (light line) and 
40-hour (heavy line), low-passed U and V components and temperature for second 
deploymont period at Mooring P at 10008. Vertically up (+¥) is toward 30° 
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have reduced utility for defining the organization of the linesr relation 
between such observations. 


2.5 Eddy-Slope Interaction 


Survey data showed the initial development and intensification of 4 cyclone 
paired to the anticyclone, Eddy 8. Other station data and imagery suggest the 
presence of other possible cyclones proximate or linked to Eddy 5, but one 
cyclone to the northwest grew substantially. Note, sore recent drifter and 
imagery data have documented the presence of smaller cyclones on the periphery 
of an LC eddy. While having an inteinal counterclockwise sense of rotation, 
these cyclones aay be soving as 4 unit in « clockwise sense sround the 
anticyclone. The primary cyclome, Eddy Z, is represented by the dosing of 
isotherms as initially seen in November 1985 (Figure 2.5-1). By the end of 
January 1986, the cyclone had intensified considerably (Figure 2.5-2). By 
April 1986 the cyclone had developed and was comparable to Eddy 8B to the south 
(Figure 2.5-3). This is the first tise the development and evolution of this 
anticyclone-cyclone pair has been documented and is a sajor achievement for 
this project. 


During this period of interaction with the western slope, there is some 
evidence that Eddy 5 aay have continued to interact with Eddy A to the south. 
A result of this could have been incorporation of streamers of Eddy A water 
into the near-surface layers of Eddy 8. 


Using a censity field as estimated from an AXET survey, geostrophic velocities 
betweer 150 and 650m were estimated to be approximately 52 cm sec’* while 
consideration of density to approximately 1500m only increased this estiaate 
to 70 cma sec**. Clearly, the gajor portion of density effects on the 
velocity remained in the upper layers while strongly barotropic current 
profiles persisted at depth. 


An examination of the location of maximum density and the apparent center of 
rotation showed she vertical axis of both the anticyclone and cyclone to be 
tilted downward to the east. This vertical structure adds to the 
difficulties in using fixed arrays to evaluate details of the event 
kinematics. Between Eddy 8B (anticyclone) and Eddy Z a “jet* can develop as 
both are goving offshore. This region of strong offshore sotion can and did 
seem to draw water off the slope and shelf. This is shown as « region of less 
dense (lower salinity) water. At times when shelf waters are relatively cold 
compared to offshore waters, satellite thermal imagery shows these features. 


Subsurface current observations show episodic and event influences § on 
circulation. Linear analysis methods such as spectra and coherence reproduce 
these as broad spectral bands of relatively low frequency (red) variance. In 
addition, gany time series are not stationary (statistically time invariant) 
or stable because lower frequency circulation is linked to evolving and 
moving self-similar patterns. As an example, currents can be vigorous or 


relatively quiescent depending on the small and non-periodic wsovesent of 
eddies. 


Subsurface (jp-aity) temperatures also reflect the local vertical isothers 
motion which can come from changes in temperature structure with tise but are 
also from horizontal sovement and associated vertical isothers sovesent 
relative to fixed measurement positions. 
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Figure 25-1. Tepegraphy ef the 68°C temperature surface based on the AXET 
survey 
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Figure 2.5-2. Toepegraphy of the 15°C temperature surface based on KET data 
collected éuring the January 1966 8/0 ALTAIR cruise 
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Figure 25-3. Tupeg’ of che 6°C temperature surface based on the April 
26 te 4, 1986 B/O ALTAIR KBT surveys 
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2.@ Gear Easy interaction 


During the spring of 1986. amether sajer edéy (Eady C) separated fro the Loop 
Current and began to seve westwaré Eventually, Eddy © began te interact with 
the “decaying” tedy Ligiteéd Geta suggest some coalescence of these two 
There ere inewfficiernt date to describe with assurance what the sequence of 
events gay be for the jeinming of the component sass and somentus fields One 
possible sechanies is the jeoiming of streamlines such thet the pair of eddies 
reestablish « combined center of retetion 


am e@é4itionsal effert te examine data from twe EST surveys of the southwestern 
Gulf was aade by DOr. Y Vidsl eof the Electrics) institute of Benice with 
Lisiteéd suppert previded by MS These surveys in 1987 Gecunented another 
asjer LO edé@y which tock « sere southerly course in seving inte the western 
Gulf. Ite features were comparable to Eddy B above. During 4 second cruise, 
appreaiastely four senthes later, the eddy was ageinst the slepe and « cyclone 
was Located on the northwest side 


2.7 Summary 


The progres Gata bese provides excellent Gecumentation of « series of specific 
episodes amé conditions associated with eddies separating free the Leep 
Current and seving te the west Im e@dition te the patterns and processes 
Geecribed, several key points became clear 


. Unless am eneomalous period was studied, eddy shedding is « 
fairly commen cccurrence, with sewersal «4 year not being 
wresusl. This rete of eddy formation has continued inte 
1987 and 1988 


. Based on thie higher rate of eddy seperation, the rate of 
westward sevement and eddy persistence (or its converse. 
the cecay tise). the behevier of any given eddy should be 
Girectily affected by interaction with ether anticyclonic 
eddies and/or soupled cyclones 


. A possible first-order eddy-eddy interaction is its 
inflwence on trajectories (e.g... « nerthern, central or 
southern peth) 


. Depending on the range of trajectories, eddies say 
interect first with the nerthern, western eof possibly 
southern (Yuceten) slepe and adjacent shelf 


. The frequency end size of LO eddies suggest thet sess and 
velecity field in the western Gulf result free eddies 
thet are evolving (decaying) end seving This strongly 
suggests that besic cireuletion petterns ere geverned 
Girectiy or indirectly by episedic events with changing 
lecations. erlentetions end length scales 


These data shew thet eddies are dynamic and influence large portions of the 
Oulf Any study ef outer shelf and slope precesses which does not document 
and consider the influence of eddies on circulation could iss « sajer factor 
affecting the circulation patterns of this ares 
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